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tiSo vf)^v. m^mmz^^m^x;&^<Dxm^n^\z3:^^mv. 
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b, h^^B^tc Ai <Dm^ (eeo-'C) ^m^^'^mzimm-^ 

5 nSo iiSmJinl^T^fiKUfc^Sl! ai IcT^^/^o #Ji#®© Al-Fe-Si Htc-^ 

10 ^-^B^^lcRt^-r Al-Fe - 7C'&^»OBj^#^ffiI^J-r^:^c^6^ 2003- 
145278 -^^^T-«^-&#®lCd&je)^^JlPBm-&i^<0«iJ'&^^$'JbTVi:5„ 

15 :feVi„ 

h^^B#©OTM-r^i!lbfc Al }C*Smb#:0fm-r^ Fe, 
20 8e>c»#Ji©Fe, SiMSSigiE^aTSJlttCJcO Al-Fe—TC-^^POIij^^* 

2^^I90^/T;1/$— ':7A©S^^3g#:«, Si : 3~12 Fe : 0.5-5 

Al-Fe z:7C-&^ji®®SIJt2^*t90%£4T»-ifl'^S^^ T 
t^li!!lT;i'5 —"^Ase)-;) t CTVi S Al-Fe-Si Htc-S-^JI ^: 

m^mS<D Al-Fe -TC^^S ^:O^^^C'g•^P?^^^g5*^#&bTViS. 
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5 •Tim.m 

m 3 it. m^-^^ ^Mz^cTd-^^yhn, ^^mm^mom. ai-fc- 
10 7t^^m(Dm(Dmit^^-rif^y 

^Xjh^. Tdh^it 3kN mm(Dmm^^T. mi^nm i5~25kA. Mm : 3~ 
40 it-r i>;i'/60Hz xmrnt^o mn\z^^^m'vm^^(Dr)vs.=i^M>mn 2. 

-fmm 5 tib-o^m 4 t.<Dmsiz^^vx\f^^ ai-fg-si -jt^^m e js^^ 
20 mm Ai \z Fe, Si m^msxit ai-fc-si ^Tt^^m e *«tB^-r 

•So TM«9 5 Al tC^ttiit? Fe ^tmA-fc* Fe \tmim<D^f^m 

Al-Fe -7C-&^^ 7 J&^^'&^MfC^^^ndt-^TJ&^o 
^-a-^M^J^f:! Al-Fe -Tc-er^W 7 /Ot^^-rst^ ^'&3iS/0^M^}Ci£TU;fc 
h 8 ;«»tj^fig$n^ (M lA), flfi;^, Al-Fe -tc-^^S 7 >i>^-:^y^y h 8 (D 

25 ^^*T^suT:fe i6o ^ji 4 d^m^g 5 \zmm^mvrc^^mm^i$i. 9 
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Si : 3-12 mm%, Fe : o.5~5 nm%^'^tsmmr)i^s.=L^Aib'^^mfimm. 

5 

^S3!t;u5 -r:? Aje)o ^® o si, Fe m&H)^ ai-fc — 7c-&^s«>^fiK(cs.{^-r 
Ai-Fe -Tc-gr^M 7 tt. hmmnommmm'^^^vrz.mm ai jc^tt 

ntn\i£. je)o^®<D Fe mmi()m^^i^^) ^<ft^. ^mufc fb \%. 

iC*^it$fe6«l/h;^Vi<Z)-CT:S&^ 5 OJfi^{c#^Eb^ ?tr^j§ig-r#fi© Al-Fe — tc 

ili<bT:fe<i:, Tflfe^l 5 J&^ea&o€P 4 Jci^tmty Fe *t/!>;S:<:^K), SS^i 
15 UT Al-Fe — 7C-&^)i 7 (D^^J&^lIp^ StlS. 

8e)^^B4©FeaS;^>«0.5Ka%iB^±{C75:S^:. 
etiSJ:^};:. 3 ©tt^^O^ir^ Al-Fe ziTc-g-^B 7 ^^^^-T^feoc^. 4^ 

■^^StS^i^ 9 ^tj^fig^nSo bd^b, ^e)^€g4 0Fe^§«3{»«5Ka%*®;^L 

5 5&^e>0g!l} Al Fe ^mt. Tflfeffi 5 i:feo#Jl 4 iiW^MtC Fe 
l^_c;^^||y;p^-e7Aise)o^i3iS (#F?i¥ 9-228018 ^'^m ibT2^ffi 

25 MAd^ii^bfc N mmim^-^^^. N ti^stdjcoTT^ig 5 d>e»^iiiA 

1 f;i^frtiity Fe f(^'>ts.<n.^<r>'i2. ^'^^WC^^'t^mWi^ Al-Fe ZlTC-^ 

Fe \Z.^m^'Xim.'m.ii^X'^fS- Si b^^^ooiistaini^T? AI-Fo-SI 

H7C-&^» 6 ti^^mm. Al l^liSmfS Al-Fe-Si H7C-g-^» 6 *tti^-rs. 
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nb^^m 4 <D Si 3~i2 nM%i:Mib\zmMvx^<^t\z^y). ai- 

Fe-Si HTC-a-^M 6 e^gS Al 'x© Si iSft^tjiffiUT Al-Fe-Si Htc-S-^P 6 
lc:f&UT Si. IVIn. Cr. Ni. Al ^^^Jnb:fc^a*t^M$nS« Uf)^X^. 

Ai-Fe ®*asifefiS:f^ffl^&tJP^J"r ^ N * 0.002-0.020 ®s%^i)nufc8e)o 
Ai^^a<£ 0.03 mm%KKT\zmm-r^. 

Ai-Fe =i7i^^m(D^mi)mm-^ti^'fy^. OTTiSpxtt^m^-r^-hT 

5~70Mm ©|gffll?31^-r ^ ^1 t-^m^ b Vi. 

Anb-zf^m^Z^^n^ Si, Fe ©-^^S^^n^n Si : 3~12 nm%, Fe : 0.5 

^i^Aib^^m 4 i:©|^®(c:?^*!KSns-&^M*-&*3&:VifitTfe*. Al-Fe <D 
mMMMKmiZ:^^f3imm^:Si.m-^f3i\r^Ti, Zr, B, Cr, Mn^®7cmtt. 

25 N : 0.002~0.020 m&X^^tsmWL^ib-o^mWLiilyXmmr Al^ 

mommiz N j@«i®*«^^-rs. mmmo n "&«*t 3.0 i: 
jgjs^iST;i/5-»>A8e)^^ffl:Kj&t#e.ti'5. n mmmiz^^ ai-fo ©^sm 
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0<u^\s.a^±-r^c u*^b, 0.02 nm%^mx^mmM<D n *^tr«-&> 

Atb^^miKo^mKj^-v^^ Ai-Fe ri7t^^m(o^m'm^izmvxJitmm7 
1.0 KmxKkTizmM-r^ ^ titjm^v^K 

7)VS.::^^A^^it. 3.0 Mm%&rf, ^iZ l K*%He^© Si RtK 0.1-1.5 
15 ll^^*t##$ns. Mg2Si WffifcJ;§^^[Bl_h*0S_hTtt> Si "^^SOf 

0.1 !^M%{'^3e-r§c:i:*w*uvi<, i.5~6 Mg ^mm-r^ii. 
mm^^tiz^-ox^mmmm^^n^c ^lo^-Dummt o.i-e.o 

Mg, 3.0««%OTO SiT^Sn, Ig^BSmtC^SUTMg, Si#«/O^^Je)S 

20 R5*«i^^b'^-r<3a:o, 3 Hs%Sj®^siaf!i«o Si *t-g-*n-5iT;P5— 

25 ^.^Aun^mu-^tDii. m^}^y9-^^-^yhmm'r^^ii\z^r)mi&-^n^o 
mmmm. mm^m(Dm.-^^\zj:r)mmmmmib^n^ifi. mmmMommz 
mvxm'^^mtm<f3:^. mm : 12 ^-fi7)vy6oiiz mmmm^ i2kA 

M 25kA T 5 i7;W/60Hz |J4-h-C 3kN ^±©§l5i|g»f^«5{>^#SnS. 
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C : 0.04 mM%. Si : 0.01 Mn : 0.20 P : 0.01 S : 

0.007 Al : 0.010 MS%, N : 120ppm ^^tS^m l.Oimn (DJ^M^lStC 

5 Si : 9.2 Fe : 1.8 MMXti'^tsmm : 20Mjn (DmmT}V5.=.^Aib-^^ 

m^m^vfc^. 450'»cxi5 nm(ot^:^hiamrT!~fmmiitb^^mt(D^miz 
vtco mmm7)vs.z:L^2^isf)^^mwvu. Ai-10.9 ««%si-35.8 nm%Fe 

(D Al-Fe-Si ^7€^^m^^~fi&mtl!b-o^miz(DmS\Z^^VX^^rCo 
10 4a^**fC«, Si : 0.11 nm%. Fe : 0.25 Mg : 5.52 Cu : 

0.35 MS%, Cr : 0.02 MMX. Zn : 0.01 AI 1.0mm <D7 

15 §tn;l:'b. -e^lC^ : 16mm, ^m7—)V : 40mm (Dm^^^k'^^yZf^m^^ S 
: 25kA, ^« : 60Hz, mn^^^ ^ )V : 12 h^^bfeo 

T^-^r-/ h<D4'.i>R.OTii^>d^e. 1.5mm p^m<D'rfy h^mu\z.mm^^iiKi . 
i7 )v^}i\z^^w^^m,^\^. m-^wm\z^^^^m^ sem-edx (84oa. 

20 0 2 om^J^^t^^&nS J; -5 JC, Al-Fe-Si Htc-^^S^. y h ^CM, 
Si HTC'&^jlcD Si mm.\%^fv h^^SKT 3.1 ^«%, -^fv Y^>\Mr^ 1.7 

25 3 •tJ'-r i^jpamUfci:^. h^^ePO Al-Fe-Si H7C-&^Ji;{»^Sl^^^ 

ir?^^ LTcfe 0 , AllC Al-Fe-Si HTC-g-^Sd^^m bfc 11 idt^lHIS. (fi:5&. 

h'f'MT?^, ^^mfmx&^ntL. Wi.^^m\%. si tsa^** 0.9 %.m.% 

iif!k<> Fe t^^T&t 40.8 ®«% Z.h.iS^^. Al-Fe-Si HTC-^^StS^c^© 
frfclC^^ b}fe Al-Fe ZlTC-a-^® 
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^Ji«s^:^^aw$n)^5&^^fc*«> h^'t^uom^^mizit si mm. 

0.8 nm% . Fe mm 46.0 MS% <D Al-Fe — tc-^^S^W < ^ife* bT V^feo 

5 htf»M© Al-FeZ:7C-&^jl^'&^Ji?^^it 9 (El IB) -TSlDH^^. Mi:: 

-€-®^Ba * Al-Fe-Si HTG-g-^^T^ 0 HArl^^-g-^® * fe-iP^^ i:7S:«». 

10 Z3136 TM^^nTVi§5[5si?^i$mTi¥MUfcS'&3^^'b. mm 5 if-f 

U^_hT 3.5kN iiA-hOi«Vidl§il?ir!H* (TSS) TrfeD, 7)VS.=.^J^mmM. 

Z3137 \zm^-^nx\^^^-['^3mm.mz^rimm:&m\zf^r:>rcm^^m^m^ 
-r^t. mm^m^vx i.5kN ^±<D+^5i583^m (crs) *^#e.n. t;^^ 

20 r:7Ai^^^mn'S:mmf3i^wyxr}V5.=.^M.umzx^v hmmvtcSzZL^b. 

i;i#^Ut#75:V:>^'&^3t#-efe^fc<> Fe ^1^.0^ 6.1 KS% t#Vije>o 
25 ^: 3.0kNiJ4-h. +^§135^3! : 1.0kNj2J^Ji©gE'&#®*J^^-e^3&J&^^}fc. 
Clim 2] 

C : 0.05 Si : 0.1 ®a%, Mn : 0.25 P : 0.012 S : 

0.006 Al: 0.006 Ma%©?tMil^*^g!llT;W5::^'i7AJ6-p#bfco ^ 
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isT;i/5-r>A«e)o^Ttt, 86^ #p© Si ^^mifi i.s nm%. 3.5 

9.2 nm%, 15.6 4 tK^. Pe 0.2-0.3 ®S%. 0.7-0.9 ® 

«%, 1.8-2.3 3.9-4.5 5.5-6.1 5 7K2Pi: 75:^ «fc-5 

5 m^U<D7}VS.=L^2xm\Z\t. Si : 0.10 Fe : 0.22 »»%. Mg : 

2.67 nM%, Cu : 0.01 Cr : 0.19 Mn : 0.02 Zn : 

0.01 : A1"T?«0 l.Omm <Z)7;i/^n^7A'&^«^^Sgfflbfco 

m-m^vtcim:. m^^tf^^x^m^T.r^y hm^m (eoHz) -e^^ufc, 7. 

10 h^^T«, : 16nmi. 5fe^T— ;i/ : 75mm <7)^'&^5^^;/ -/^Sffil-ffi 

^gE«tffE : i9kA, m^Wi : 60Hz. att+>--r^;w : 12 (omm^w^mmv 
15 m^^^^^-rmi\z^^ti^^'5\z. mmr)V5.:=.K7Ai^-o^m<o si. Fe 

WTti^jiiElgffl (Si : 3-12 Fe : 0.5-5 fcili#$nTVi^t 

mmmm^M skN j^>^-h. +^5i3S3^m : i.5kN &s±<D'm^^^^^mm^n 

JinidMb. Si, Fe mmUfim'^t. AI-Fo — 7C'&^P0)i&*®»^*^:*:^< 
20 fSiK). BimmWimm : 3kN. -f^^m^m 1.0kN 5l3Sltl^ 

Ai-Fe =i7t-^^mi)m^^m^isrf-^'itx\^^^^ ii-^mm-^nfto 
25 Femmni^M-r^^izhizj: r)m^mi^vmt^±\:'r!i^^t:mm^n^o 
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^1 ;J!6^#^®Si, Fem&ffiM-Fe—TC^^m. i^'^^mzisLittmm 
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m^MtvxMg. Si. M^mmiim>^mu^r)i'^=-^j^^^^^^mT^ 
^mt. mmm i t^i^^^Tx- si : 9.2 Fe : 4.1 nm%(DmmT}vs. 

^ 2 (Om^^^^\Z.^^n^^'D\Z. Mg. Si -^^-S^^n^tl Mg : 0.1~6.0 
M%. Si: 3.0 ®S%fi^TO$gHlc«|J^bfcT;W5n':7A-&^«*^fflbfct 

10 m^^W(r7)V^ZL^J^'^^U<D Fe -^^ICfe^^^n, Fe "^^^ 1.0 S 

1.6kNJS^JtJ&tii|^$nfe (Nos.2. 4). 



^2 : 7;i'5-«>A-&^«®M*t^^3^ii#:o5^|Fr3^«fcR{S-r^W 
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hm^-^mm\^rcm^mmi^x-:&Ki. mm7)us.=i^Aib^^m-it)^ si:3~i2 
Fe:o.5~5 M : mnmzmM(ou^^'h*>. m^^m\z^ 

5-»:7A«e)o^Pt©#®lC^CTViS Al-Fe-Si HTC'&^JS^igE'&OTO 

2. mmrjis, zi-^Atb^'^mW)'^ n : 0.002—0.020 <&-^tp#ii*<£Tft&#3 

3. T;V5n«^AX«T;i/^-^7A-&^0 Fe ^^mifi 1.0 Kfi^e^TlCjl^S 

nTViSffli^^ 1 x« 2 iBi^©^-&«i3t#o 

4. 1~3 f5in5&ilc:ia®©T;i'$-':7A-&^/&^Mg : 0.1~6.0 M%. Si : 
3.0 «%OT*^tPr;P5-C7A^^T*SS^a3i#:. 
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FIG.3 
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